Abstract. Khao Mak is a sweet fermented rice-based dessert with a unique flavor profile commonly found throughout Thailand. The traditional starter culture (Look Pang) contains yeast, mold and herbs, which is used to ferment cooked glutinous rice. This research studied production of Khao Mak which resulted in volatile flavor compounds that were affected by rice varieties, including white glutinous rice (Kor Khor 6), Japanese rice (Hitomebore) and black glutinous rice (Kam Doi and Leum Phua). Total soluble solids (TSS) as degree Brix, pH, and alcohol concentrations were measured daily during the fermentation period. Volatile flavor compounds were separated and identified by gas chromatography mass spectrometry (GC-MS). At the end of the fermentation, samples had pH ranging from 3.91±0.16 to 4.30±0.09, total soluble solids of 32.65±1.65 to 44.02±1.72 Brix, and alcohol concentrations between 0.33±0.03 and 0.38±0.03% (v/v). The potent odors associated with Khao Mak were alcohol, wine-like, whiskey-like, solvent-like, sweet and fruity. The major volatile compounds, which have stimulant flavor in Khao Mak, included 1-propanal, 1-propanol-2-methyl, 1-butanal-3-methyl and acetic acid ethyl ester. Among all rice varieties tested, the white glutinous rice produced Khao Mak containing the highest TSS, alcohol concentrations followed by Hitomebore rice and black glutinous rice, respectively.
Introduction
Fermented sweet rice called Khao Mak is a traditional sweet, low-alcoholic fermented product from Thai folk wisdom made mainly in the north-eastern and eastern provinces of Thailand. Apart from lactic acid and alcohol that give special flavours to Khao Mak, the fermented rice is also known for its health properties [1] . To produce Khao Mak, cooked glutinous rice and traditional fermentation starter were used in the process. The starter or Look Pang is a semi-circular starch ball that incorporates various fermentative biological species such as molds (Aspergillus species, Amylomyces species, Rhizopus species and Mucor species) and yeast (Saccharomyces cerevisiae, Issatchenkia species, Candida species, Saccharomycopsis species and Pichia species) [2] . In the production process of Look Pang, Thai herbs such as pepper, garlic, and galangal are added as antibacterial agents [3, 4] .
After the fermentation, texture of the cooked rice became soft, agglutinated clumps that give mild alcoholic taste with lactic acid flavour [5] . Molds produce enzymes (e.g. -amylase, glucoamylase), which can hydrolyze raw starch in the glutinous rice and convert it into sugar. The process also yields other organic acids such as lactic acid [6] . After fermentation, Khao Mak is consumed as a sweet dessert dish without cooking.
Rice (Oryza sativa L.) is a predominant food and agricultural product of Thailand [7] which includes white rice varieties and pigmented rice varieties such as purple and black rice (e.g. Hom Nil, Rice Berry, Kam Doi, Leum Phua) and red rice (Sung Yod) [8] .
Traditionally, Khoa Mak has been prepared from white glutinous rice. Pigmented rice which has been used as an ingredient for deserts and snacks is gaining more popularity due to its nutritional values [9] . When compared to normal white rice, black rice is found to harbour higher level of vitamin E and B, food fibres, and phytic acid. The rice also contains higher level of antioxidant activity when compared to red rice [10] .
The production of Khao Mak with pigmented rice will make the product more nutritious. Also, the sweet aroma flavor of the product is also important for consumer's satisfaction.
In this study, Khao Mak will be produced from 4 varieties of rice. Highland black glutinous rice (Kam Doi), one of the aromatic and indigenous black sticky rice which is enriched with flavonoids, especially anthocyanins. Leum Phua is also a special variety of 
Experimental procedures

Materials
Glutinous white rice (Kor Khor 6) and glutinous black rice (Kam Doi and Leum Phua) were all purchased from local market in Lampang, Thailand. Japanese rice (Hitomebore) was obtained from supermarket in Okinawa, Japan. Look Pang was supplied by Taonamchoke company which is located in Sisaket province, Thailand. 
Preparation of sweet fermented rice
Sweet fermented rice was produced following the traditional process. Rice samples were submerged in water for 2 hours prior to being steamed in an autoclave at 121 C for 20 minutes. Cooked rice was washed with water and drained for 15 minutes to cool down at room temperature. Look Pang starter were crushed into a powder. The cooked rice (300g) was treated with fermentative starter at 0.2 g per 100 g of rice in the glass container, then closed tightly and kept at 30°C for 3 days. The process flow chart of Khao Mak is shown in Fig. 2 . 
Total soluble solids, pH and alcohol concentration analysis
Total soluble solid ( Brix) was measured in a small extracted solution sample of Khao Mak using a digital hand-held refractometer. The pH values were measured by using a pH meter. Alcohol content of samples was examined using a density/specific gravity meter.
Assessment of DPPH radical scavenging's activity
To assess DPPH radical scavenging's activity, samples were treated with 2,2-diphenyl-1-picrylhydrazyl at 0.1 mM concentration and kept at room temperature, in the absence of light for 30 minutes. Spectrophotometer was used to measure level of absorbance at 517 nm [6] and percentage of the above said activities were measured and calculated by using the following formula; 
Volatile Compound Analysis
Khao Mak sample was extracted and then centrifuged at 3000 rpm for 10 min. Once the phases had been separated, the supernatant liquid phase was prepared for analysis of volatile compounds and n-amyl alcohol was used directly as internal standard. In brief, 1.0 mL of the sample and 1.0 mL of n-amyl alcohol were pipetted into a 20 mL chromatography headspace vial. The vial was sealed with aluminium crimp cap PTFE/ Butyl rubber septum, vortexed and placed in the headspace autosampler system (TurboMatrix 110, PerkinElmer, USA). The headspace gas was analyzed by Shimadzu GCMS QP2010 Ultra (Shimadzu Corporation, Tokyo, Japan) with a Stabilwax column; 60 m × 0.25 mm i.d. × 0.50 μm film thickness (Restek, USA). Temperatures program used were as following: 60 C hold for 1 min, 60 to 200 C hold for 7 min and 200 C hold for 1 min.
Results and discussion
The characteristics of Khao Mak samples depended on the varieties of rice. Figure 3 illustrates changing pH level of each rice samples which were used in this 7 days experiments. The samples from white glutinous rice (Kor Khor 6) on the 3 rd day of the fermentation were sweet acidic taste at the pH of 4.30±0.12. Similar results were observed from the experiments which indicated that, after the first day of fermentation, Khao Mak's pH was 6.45±0.20 before abruptly dropped to 3.17±0.16 to 4.10±0.09 after day 1 -3 of fermentations.
Khao
Mak fermentation system converted monosaccharide in starch to ethyl alcohol and acids by using yeast and mold activities [4] . Figure 4 shows levels of alcohol contents produced by the fermentation for which white glutinous rice exhibited high alcohol content. Khao Mak's alcohol level was at 0% on the first day of fermentation before sharply rose to approximately 0.35±0.03% on the 3 rd day and continued to increase until the end of the fermentation period. All treatments were exhibited similar trend, but with higher contents found in glutinous white rice more than that of black rice. Figure 5 showed changes of Khao Mak's soluble solid during 7 days of fermentation. Total soluble solids content of all samples increased rapidly around 32.60±2.14 to 44.05±1.72 Brix after the fermentation started. Starch hydrolysis by mold resulted in increased sugar [11] . However, after the 4 th day, Khao Mak's total soluble solid were fluctuated and decreased.
In Figure 6 , Khao Mak produced from black glutinous rice (Kam Doi and Leum Phua) gave the strongest free radical scavenging activity with the IC50 value of 43.40±2.42 mg/mL and 32.26±1.65 mg/mL, respectively. Sangkitikomon et al. [10] suggested that black rice's anthocyanin performs higher antioxidant activity than other rice varieties. Volatile compounds in Khao Mak samples with various rice varieties were studied using gas chromatography mass spectrometry. Volatile compounds which shown as compound identification was attained from analysis of the provided qualitative data.
Four volatile compounds were commonly found in all samples (Table 1) ; acetic acid ethyl ester, 1-propanol, 1-propanol-2-methyl and 1-butanal-3-methyl. These compounds (1-propanol, 1-propanol-2-methyl and 1-butanal-3-methyl) also found in Thai rice wine (Sato and Ou product) [12, 13] . The concentration of volatile compounds in black glutinous rice were higher than white rice fermented samples. This might be due to the difference of their initial nitrogen concentration (correlation with protein content) of raw material. Amino acid metabolism serves as an important factor that facilitates volatile compound productions in food and alcoholic beverages [12] . Khao Mak fermented with Luem Phua rice contained higher concentration of 1-propanol (118.851±0.263 g/mL) and 1-propanol-2-methyl (19.005±0.095 g/mL) compared with other samples. ND: Not detected The numbers in brackets indicates the standard deviations.
Conclusion
Various rice, including glutinous white rice (Kor Khor 6), glutinous black rice (Kam Doi and Leum Phua) and Japanese white rice (Hitomebore), were fermented with Look Pang for volatile flavor compounds analysis. Highest content of TSS and alcohol were found in Khao Mak that was made from white rice. Aroma flavour of Khao Mak provided alcohol, solvent-like, wine-like, whiskey-like, sweet and fruity aromas. The volatile compound of 1-propanal, 1-propanol-2-methyl, 1-butanal-3-methyl and acetic acid ethyl ester was detected in the Khao Mak products.
